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ABSTRACT 


The  Bendix  Corporation,  Teterboro,  New  Jersey,  STUDY 
PROGRAM  FOR  ALL-WEATHER  INSTRUMENT  LANDING  SYSTEM, 

October  15,  1962,  88  pages,  15  illustrations,  Final  Report  (  Contract 
Number  ARDS- 572). 

This  report  specifies  recommended  system  concepts  for 
integration  of  an  Instrument  Panel  best  suited  for  monitoring  an 
Automatic  All-Weather  Landing  or  conducting  a  manual  landing  in 
low-visibility,  low-ceiling  conditions.  - 

The  instrument  panel  displays  recommended  fulfill  the  requirements 
of  presenting  all  the  presently  available  navigation  and  landing  air 
parameters  required  for  this  program. 


The  detailed  panel  layouts,  block  diagrams  depicting  the  system 
interconnections,  price,  delivery,  and  other  pertinent  information 
Lra-s  been  included  to  aid  in  the  choice  of  the  most  economical  and 
technically  feasible  system.  4__ 


Since  more  than  one  instrument  panel  will  meet  the  requirements 
for  the  All-Weather  Landing  Program,  six  layouts  are  presented  for 
review  and  approval  of  the  Project  Manager.  The  conclusions  and 
recommendations  pertinent  to  this  study  program  are  presented  in 
Section  5.  0. 


A  survey  of  heads-up  displays  presently  available  has  been 
conducted  and  our  conclusion  and  recommendations  are  presented  in 
Section  7.  0. 


FOREWORD 


This  report  was  prepared  by  the  Eclipse-Pioneer  Division 
of  The  Bendix  Corporation  as  required  by  the  Federal  Aviation  Agency 
under  Contract  FAA/ARDS-572,  Project  No.  114-15. 

The  entire  study  was  administered  by  the  Electrical 
Instruments  Laboratory  with  J.  Mclnerney  as  Project  Manager 
reporting  directly  to  M.  Brown,  (  Chief  Engineer ) .  Messrs: 

P.  Catapano,  R,  Lickel,  D.  Cohen,  G,  Weber,  F.  Sano,  and 
M.  Putzer  contributed  to  the  material  contained  in  this  report. 

The  cognizant  FAA  Project  Manager  was  Mr.  R.  Munnikhuysen 
who  provided  valuable  guidance  throughout  the  project. 
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SUMMARY 


Instrumentation  -  It  is  our  opinion  that  it  is  not  possible  to 
specify  one  instrument  panel  as  being  the  one  and  only  cockpit 
display  for  an  All-Weather  Landing  Program.  It  is  for  this 
reason  that  a  number  of  panel  layouts  are  included,  all  of  which 
are  well  within  the  state  of  the  art,  and  have  the  capability  of 
supplying  the  necessary  information  for  monitoring  an  automatic 
or  conducting  a  manual,  All-Weather  Landing.  The  final 
decision  as  to  which  instrument  panel  will  be  ultimately  decided 
upon  will  naturally  be  based  on  many  considerations,  including 
the  economic  and  technical  aspects. 

It  must  be  emphasized  that  six  panel  configurations  were 
presented  solely  to  identify  the  types  of  displays  which  could  be 
available  for  implementation  of  this  program.  However,  the 
conclusions  contained  in  Section  5.  0  reflect  the  recommendations 
arrived  at  as  a  result  of  all  considerations  contained  in  this  report. 

Basically,  three  types  of  panel  layouts  are  included,  with 
an  option  of  replacing  the  round  dial  presentation  of  Airspeed 
and  AngJ-e  °f  Attack  with  a  Vertical  Scale  Presentation  of  same 
on  each. 

It  should  be  noted  that  the  additional  sensors  (black  boxes) 
required  for  the  All-Weather  Instrumentation  Program,  essentially 
are  not  affected  by  the  choice  of  the  panel  layout. 

The  instrument  panel  to  be  located  in  the  passenger' s 
cabin  will  contain  the  same  displays  as  provided  for  the  pilot, 
with  the  exception  of  a  clock. 

In  addition  to  the  pilot' s  panel  layouts  and  the  block  diagram 
showing  the  interconnection  between  the  sensors  and  instruments 
for  the  pilot' s  display,  a  cross-feed  drawing  is  included  which 
shows  the  proposed  signal  flow  for  the  pilot' s,  co-pilot' s, 
passenger  cabin  instruments  and  auto-pilot. 


1 


A  description  of  each  configuration  is  included,  together  with 
the  table  of  contents  for  the  particular  panel  layout.  All  additional 
components  required  for  a  particular  configuration  are  denoted  by 
an  asterisk.  Specifications  for  these  items  are  included  in  this 
report  or  referenced  to  an  existing  Mil  Spec  or  Vendor  Part  No. 
Price  and  delivery  information,  available  at  this  time,  is  included 
in  the  table  of  contents. 

It  must  also  be  stated  that  every  effort  was  made  to  minimize 
the  cost  of  updating  existing  sensors  in  the  aircraft,  unless 
absolutely  necessary.  It  is  for  this  reason  that  the  existing  Radio 
Receivers,  Compass  System,  and  Vertical  Gyro  equipments  have 
been  retained. 

The  choice  of  SCAT  versus  Specialties  is  based  on  the  fact  that 
the  SCAT  system  "anticipates"  speed  changes  before  they  a^  .aally 
register  on  the  airspeed  indicator.  This  is  accomplished  on  the 
SCAT  unit  by  use  of  a  gyro  stabilized  pendulum  which  senses 
horizontal  acceleration  or  deceleration.  In  addition  to  this  "lead" 
information,  which  is  certainly  advantageous,  especially  in  a 
"go-around"  procedure,  SCAT  has  been  certified  by  the  FAA  for  use 
on  the  Convair  880  and  Boeing  707-131B  aircraft,  and  at  this  date, 
appears  to  be  the  speed  control  system  most  promising  for 
commercial  jet  aircraft.  In  addition,  per  telephone  conversation 
with  Mr.  J.  Muir,  (Atlantic  City)  on  October  2,  1962,  it  was  stated 
that  the  Specialties  System  is  not  operating  properly  at  this  time. 
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1.  INTRODUCTION 


This  is  the  final  report  proposing  a  system  design  for  suitable 
flight  and  navigation  instrumentation  for  monitoring  an  automatic 
landing  or  conducting  a  manual  landing  in  low  visibility,  low  ceiling 
conditions . 

Every  effort  was  made  to  retain,  as  far  as  possible,  all  existing 
sensors  and  navigational  aids,  unless  a  definite  advantage  warranted 
the  up-dating  or  replacement  of  such.  In  addition,  the  selection  of 
additional  equipment  (instruments  and  sensors)  was  based  on  proven 
techniques,  where  possible. 

It  was  necessary  to  specify  some  items  which  required  develop¬ 
ment.  The  specifications  for  these  components  are  contained  herein. 
It  was  not  the  intent  to  provide  a  detailed  specification  for  these 
items  until  the  Project  Manager  has  authorized  approval  for  the 
proposed  items. 

It  must  be  stated  that  price,  delivery  and  technical  information 
requested  from  some  of  the  vendors  has  not  been  received.  Thus, 
the  choice  of  vendors  who  have  the  capability  of  providing  the  subject 
item  was  based  only  on  such  vendors  who  acknowledged  and  replied 
specifically  to  the  inquiries. 

The  format  which  will  be  used  in  this  report  is  as  follows: 

Section  2.  -  1.  Define  the  particular  panel  layout  for  the  pilot1  s 

installation  with  its  associated  drawing. 

2.  Define  a  single  installation  block  diagram  for  the 
particular  panel. 

3.  Include  a  brief  description  of  the  operation  of  the 
new  instruments. 

4.  Table  of  contents  for  the  components  required  for 
the  installation,  (  price,  delivery,  size,  power,  etc.  ) 

5.  Conclusion  and  remarks  for  the  particular  panel 
described. 

A  total  of  six  different  panels  will  be  included,  herafter 

referred  to  as  Configuration  #1  thru  #6. 
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Section  3. 


Section  4. 
Section  5. 
Section  6, 

Section  7 , 


< 


-  A  description  of  a  typical  cross  feed  of  information, 
including  a  block  diagram  for  one  of  the  panels  selected. 
The  cross -feed  philosophy  will  not  change  as  a  result 

of  the  panel  selected. 

-  Specifications  for  items  not  presently  available. 

-  Conclusions  of  the  study  program. 

-  General  remarks  concerning  the  panel  to  be  installed 
in  the  passenger1 s  cabin. 

-  Comments  on  heads-up  display. 
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2.  PILOT'  S  INSTRUMENT  PANEL 


{ 


Six  possible  panel  configurations  are  presented  for  evaluation. 

It  is  felt  that  this  provides  a  cross-section  of  the  various  types  of 
displays  best  suited  for  the  All-Weather  Landing  Program. 

2.  1  Configuration  #1 

1.  This  panel  configuration  is  shown  in  Figure  1.  The  panel  is 
similar  to  the  presently  ins  tailed  instrumentation  with  the 
following  exceptions  : 

a.  -  A  Vertical  Scale  display  of  Distance  to  Touchdown  has  been 

added. 

b.  -  A  Vertical  Scale- Vertical  Speed,  Altitude,  Terrain 

Clearance  has  been  added. 

c.  -  A  Flight  Director  Phase  Indicator  which  depicts  the  auto¬ 

matically  activated  modes  of  the  Flight  Director  in  the 
final  approach  has  been  added. 

d.  --A  Bank  of  Comparator  and  Monitoring  lights  which  provide 

the  pilot  with  a  warning,  should  failures  occur  in  his 
displays  or  discrepancies  exist  between  the  sensors 
supplying  the  pilot'  s  independent  instrument  system  and 
the  remainder  of  the  instrument  displays  and  autopilot. 

The  single  installation  block  diagram  for  the  #1  configuration 
is  shown  in  Figure  1A.  Although  the  block  diagram  is  not 
shown  for  the  second  set  of  instruments  to  be  located  in  the 
passenger' s  cabin,  it  would  be  identical  to  Figure  1A  with 
the  exception  that  the  other  set  of  sensors  (  Vertical  Gyro, 
Compass,  Central  Air  Data,  etc),  will  provide  the 
necessary  signals,  in  addition  to  supplying,  when  applicable, 
the  present  co-pilot'  s  installation  and  autopilot.  The  one 
exception  is  that  the  STR-3  0B  Radio  Altimeter  will  provide 
the  absolute  altitude  reference  rather  than  the  FAA  sponsored 
Radio  Altimeter  which  supplies  the  pilot' s  instruments. 
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2.  Description  of  Figure  1A.  (Single  Installation  Block  Diagram) 
The  following  information  is  displayed  on  the  referenced 
instruments : 

a.  -Airspeed  on  the  Kollsman  Airspeed  Indicator 

b.  -Angle  of  Attack  on  the  Specialties  Angle  of  Attack  Indicator. 

c.  -  Rate  of  Turn  on  the  Rate  of  Turn  Indicator. 

d.  -HZ-4  Horizon  Flight  Director  Indicator. 

1)  Pitch  and  Roll  Attitude  on  the  Sperry  HZ-4  Horizon 
Flight  Director  Indicator  is  supplied  from  the  Vertical 
Gyro. 

2)  Pitch  and  roll  Command  on  the  cross  pointers  on  the 
Sperry  HZ-4  Horizon  Flight  Director  Indicator  is 
supplied  from  the  Sperry  Z-5  Computer. 

The  Roll  Command  computation  will  be  based  on  the 
presently  available  inputs  .to  the  Sperry  Flight 
Director  Computer. 

The  Pitch  Command  computation  will  be  based  on 
conventional  inputs  for  en  route  navigation  but  in  the 
final  approach  mode  (Glide  Slope),  the  computer  will 
be  supplied  with  (  a)  Conventional  Glide  Slope 

(b)  Augmented  Glide  Slope,  based 
on  Glide  Slope  as  the  long  term 
reference  and  augmented  altitude 
rate  as  the  short  term  reference. 

(  c)  Flight  Path  Error,  computed  from 
Radar  Altitude  and  Augmented 
Radar  Altitude  Rate. 

The  above  inputs  will  automatically  be  supplied  to  the 
Flight  Director  Computer  from  the  IVV,  Augmented 
Glide  Slope  and  Flare  Module. 
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The  Glide  Slope  signal  will  be  supplied  from  the 
initiation  of  Glide  Slope  Engage  to  approximately 
800  feet  of  altitude.  The  Augmented  Glide  Slope 
signal  will  be  supplied  from  800  feet  to 
approximately  50  feet,  and  the  flight  path  error 
(  deviation  from  the  prescribed  exponential  altitude 
flare  path)  will  be  supplied  from  50  feet  to 
touchdown.  The  particular  mode  of  operation  will 
be  indicated  by  the  Flight  Director  Phase  Indicator. 

In  addition  to  the  following  input  modifications  to 
the  pitch  channel  of  the  computer,  provisions  are 
proposed  for  use  of  the  SCAT  sensor  to  provide 
optimum  "go-around"  information  for  display  on 
the  Pitch  Command  cross  pointer  on  the  HZ- 4. 

If  the  decision  is  made  to  go-around,  means  will  be 
provided  to  automatically  position  the  Flight 
Director  Mode  Selector  Switch  to  the  go-around 
position.  When  the  switch  is  in  this  position,  the 
SCAT  sensor  will  supply  command  information  to 
the  pitch  bar  on  the  HZ-4,  Horizon  Director 
Indicator. 

e.  -  M,  H.  R.  (  Master  Heading  Reference)  -  This 

instrument  will  display  heading  information  from  #1 
Compass  and  also  supply  heading  to  the  co-pilot' s 
RMI  and  the  RMI  in  the  passenger1  s  cabin.  The 
glide  slope  needle  will  display  glide  slope,  augmented 
glide  slope  and  flight  path  error.  This  will  provide  a 
displacement  cross  check  for  the  Pitch  Command 
indication  on  the  HZ -4.  Consideration  was  given  to 
provide  only  glide  slope  to  this  needle  in  order  to 
provide  additional  redundancy  for  the  pitch  axis. 
However,  the  quality  of  the  glide  slope  signal  at 
altitudes  below  200  feet  and  the  limitations  of  using 
glide  slope  for  guidance  near  touchdown  is  the  reason 
for  the  proposed  choice. 
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f.  -  RMI  (  EP  36135)  -  The  heading  card  will  display- 

compass  information  derived  from  the  co-pilot1  s 
MHR.  This  provides  a  heading  cross  check  for  the 
pilot1  s  MHR  Indicator.  The  new  RMI  was  selected 
since  it  had  the  VOR-ADF  switching  incorporated 
in  the  instrument.  This  provided  for  additional 
space  since  the  VOR-ADF  switches  could  be  removed. 

g.  -  Vertical  Scale  Display  of  Distance  to  Touchdown  -  This 

display  will  be  activated  at  Glide  Slope  Engage,  It 
is  proposed  that  the  distance  to  touchdown  tape  be 
driven  from  the  units  synchro  rather  than  the  distance 
potentiometer,  in  the  DME  unit,  for  the  purpose  of 
providing  better  resolution  and  accuracy.  Since  the 
display  will  not  be  activated  until  Glide  Slope  Engage, 
when  the  distance  readout  will  always  be  less  than  ten 
miles,  the  unit  synchro  will  show  the  correct  distance 
to  touchdown.  It  is  felt  that  this  larger  distance 
display  is  superior  to  the  analog  tape  display  provided 
for  in  the  modified  AQU-4/A  HSI.  This  indicator 
contains  an  integral  servo  amplifier. 

h.  -  Vertical  Scale  Display  of  Vertical  Speed,  Barometric 

Altitude  and  Terrain  Clearance  -  The  Vertical  Speed 
moving  pointer  will  always  be  supplied  with  augmented 
altitude  rate  based  on  the  Central  Air  Data  barometric, 
signal  as  the  long  term  reference  and  normal 
acceleration  by  the  short  term  reference. 

The  Central  Air  Data  coarse  and  fine  (  altitude) 
synchros  provide  the  inputs  for  the  altitude  display. 

The  Radar  Altimeter  (  FAA  sponsored)  supplies  the 
input  for  the  terrain  clearance  display. 

During  the  flare  portion  of  the  flight  profile,  the 
vertical  speed  pointer  and  the  terrain  clearance 
pointer  should  be  coincident,  indicating  an  exponential 
flare  out. 
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i.  -  Radio  Altitude  Indicator  (  S.  T.  C.  )  -  The  operation 

of  the  Radar  Altimeter  remains  unchanged.  The 
STR  30-B  Radio  Altimeter  sensor  supplies  this 
instrument. 

j.  -  BLEU- Auto- Land  Phase  Indicator  -  This  displays  the 

automatic  pilot  mode  of  operation. 

k.  -  Flight  Director  Phase  Indicator  -  This  will  consist 

of  three  lamps,  which,  when  energized  from  the  IVV, 
augmented  Glide  Slope  and  Flare  Module,  will 
indicate  the  longitudinal  mode  of  operation  displayed 
on  the  pitch  command  bar  of  the  Horizon  Director 
Indicator.  It  is  also  suggested  to  incorporate  a 
push  to  test  button  which  will  test  all  the  lamps.  A 
crosscheck  between  the  BLEU -Auto -Land  and  Flight 
Director  Phase  Indicators  will  provide  the  pilot  a 
means  of  assessing  his  flight  director  instrument 
display. 

l.  -  Flight  Director  Comparator  Lamps  -  This  bank  of 

lamps  will  provide  a  crosscheck  between  the  sensors 
supplying  the  pilot' s  instrument  panel  and  the  sensors 
feeding  the  remaining  instruments  and  automatic 
system.  A  detailed  description  is  included  in  the 
Monitor  Comparator  Warning  System. 

1.1-  Flight  Director  Mbnitor  Lamps  -  One  vertical  column 
of  lamps  will  monitor  the  operation  of  instruments  on 
the  pilot' s  panel  and  the  second  column  of  lamps 
monitors  the  instruments  in  the  passenger' s  cabin. 

A  detailed  description  is  also  included  in  the  Monitor 
Comparator  Warning  System. 

1.  2-  Every  effort  was  made  to  provide  a  realistic  degree  of 
monitoring  and  comparison.  It  is  realized  that  mal¬ 
functions  would  exist  which  will  not  be  indicated  by  the 
Warning  System.  However,  the  extent  of  monitoring 
and  comparison  must  be  weighed  against  the  complexity 
of  offering  a  more  complete  warning  system. 


< 


m.  -  The  following  units,  although  not  mounted  directly  on 
the  panel,  are  considered  part  of  the  display. 

1 )  Peripheral  Command  Indicator 

2)  "Fast-Slow"  Indicator 

3)  Mode  Selector  Switch 

m.  1-  Peripheral  Command  Indicator  (  Collins)  -  This 

indicator  will  repeat  Roll  and  Pitch  Commands.  The 
Flight  Director  Computer  outputs  will  be  processed 
through  a  coupler  to  provide  the  proper  inputs -to  the 
PCI.  Details  of  the  coupler  are  not  available  at  this 
time  since  information  as  to  the  signals  required  for 
the  PCI  have  not  been  supplied  by  Collins.  Another 
request  was  made  of  Collins  for  this  information. 

m.  2-  "Fast-Slow"  Indicator  -  This  indicator  is  aSafe-Flite 
product  and  will  be  driven  from  the  SCAT  Speed 
Command  System. 

m.  3-  Mode  Selector  Switch  -  It  is  proposed  that  this  switch 
be  a  solenoid  held  type  switch  which  is  mechanically 
spring  loaded  to  the  "go-around"  position. 

In  this  way,  when  the  Flight  Director  Disengage  button 
is  pressed,  removing  power  from  the  mode  selector 
switch  solenoid,  the  switch  will  automatically  position 
to  the  "go-around"  mode.  The  automatic  selection  of 
this  mode  will  provide  for  display  of  zero  Roll  Command 
on  the  Horizon  Flight  Director  Indicator  and  a  pitch 
command  based  on  information  supplied  by  the  SCAT 
speed  control  system.  Proper  interlocking  of  the  SCAT 
inherent  monitoring  provisions  must  be  included,  so 
that,  in  the  event  of  a  SCAT  failure,  a  means  is  provided 
to  drive  the  pitch  command  bar  out  of  view.  A  crosscheck 
of  the  fast-slow  indicator  would  also  show  if  SCAT  is 
functioning  properly.  If  a  failure  does  occur  in  SCAT, 
a  flag  will  show  on  the  fast- slow  indicator. 
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Remote  Electronics 


It  can  be  seen  in  Figure  1A  that  the  following  additional  black 
boxes  are  recommended  for  proper  implementation  of  this  system: 

1 .  SCAT  Speed  Control  System 

2.  Monitor  Comparator  Warning  System 

3.  Central  Air  Data  (  CPU- 43 /A) 

4.  Augmented  Glide  Slope,  Exponential  Flare,  Instantaneous 
Vertical  Velocity  Module 

5.  FAA  sponsored  Radar  Altimeter 

6.  Vertical  Scale  Amplifier  for  use  with  Vertical  Speed,  Altitude 
and  Terrain  Clearance  Vertical  Scale  Instrument 

7.  The  coupler  required  to  provide  compatability  between  the 
flight  director  computer  and  the  peripheral  command  indicator 

It  should  be  noted  that  each  of  the  six  configurations  will  require 
essentially  the  same  sensors  and  couplers  specified  for  Configuration 
#1. 


Space  is  available  for  the  physical  location  of  the  required 
additional  remote  equipment  in  the  area  directly  across  from  the 
instrument  Rack-1245-S  0846  (recorders). 

A  table  of  contents,  Table  I,  is  given  below  listing  the  components 
required  for  implementation  of  the  proposed  Configuration  #1, 
Instrument  Panel  and  Associated  Sensors  and  Couplers.  Items  which 
are  not  presently  installed  are  denoted  by  an  asterisk  and  so  far  as 
possible,  size,  weight,  etc.,  are  reflected  for  such  items. 

Since  the  items  not  preceded  by  an  asterisk  are  presently  installed 
on  the  aircraft,  details  such  as  size,  weight,  etc,  ,  are  not  tabulated. 
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*8)  Central  Air  Data  l/l  ATR  24  lb  115V  400  cycle  $17,  000.  0  7  month  ARINC 

computer  CPU/43A  Long  47  yA  ARO  545 


Electrical  Load  Analysis:  -  The  following  estimate  is  based  on  the 
single  installation  as  shown  in  Figure  1A,  and  reflects  only  the 
additional  power  required  for  the  proposed  system. 

115  V  400  Cycles  -  950  VA 
26  V  400  Cycles  -  100  VA 
28  V  dc  -  45  VA 

Conclusions  With  Regard  to  Configuration  #1  -  The  instrumentation 
shown  for  Configuration  #1  represents  a  system  which  requires  the 
minimum  amount  of  panel  rework  and  yet  affords  a  display  which  contains 
all  the  available  information  content  and  monitoring  deemed  necessary 
for  an  All-Weather  Landing  instrument  system. 

The  longitudinal  axis  (pitch  command)  display  of  the  flight  director 
is  now  supplied  with  computed  signals  based  on  the  unique  flight  path 
parameters  required  to  perform  an  all  weather  landing.  The  addition 
of  augmented  glide  slope  and  flare  commands  will  provide  for  a  more 
reliable  display  to  the  pilot  as  lower  minimums  are  required. 

The  Vertical  Scale  Display  of  Distance  to  Touchdown  will  provide 
the  pilot  with  not  only  distance  information,  but  will  indirectly  provide 
an  indication  as  to  the  rate  at  which  he  is  approaching  the  end  of  the 
runway.  It  is  felt  that  this  rate  indication  is  not  as  conveniently  * 
displayed  on  a  counter  type  distance  indicator.  In  addition,  the  resolution 
on  the  vertical  scale  display  is  much  superior  to  that  available  on  the 
counter  type  distance  display. 

The  vertical  scale  display  of  vertical  speed  (  augmented  air  data), 
terrain  clearance  and  barometric  altitude  provides  an  integrated 
presentation  to  the  pilot  of  his  vertical  situation.  During  the  flare 
portion  of  the  flight  profile,  the  vertical  speed  pointer  and  terrain 
clearance  symbol  should  be  maintained  in  alignment  (  coincident), 
insuring  an  exponential  flare  path  to  touchdown. 
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The  Monitor- Comparator  Warning  System  provides  a  more  thorough 
and  eye-catching  indication  of  failures  which  is  certainly  required  for  an 
all  weather  landing  program. 

The  No.  2  column  of  lights  shown  under  the  Flight  Director  Monitor 
is  associated  with  the  instruments  to  be  located  in  the  passengers'  cabin 
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2. 2 


Configuration  #2 


The  panel  configuration  is  shown  in  Figure  2.  The  panel  is 
similar  to  that  presented  in  Figure  1  with  the  exception  that  the 
round  dial  angle  of  attack  and  air  speed  indicators  are  replaced  with 
Vertical  Scale  Displays  of  same. 

The  Airspeed  Indicator,  will  have  monitoring  and  self 
test  provisions. 

Monitoring  -  The  following  malfunctions  will  be  detectable  by  the 
integral  monitor: 

1.  Open  stator  connections  between  the  Central  Air  Data  and 
instrument  Follow-up  Autosyn. 

2.  Loss  of  excitation  in  the  CADC  transmitter. 

3.  Open  rotor  in  the  CADC 

4.  Failure  of  the  servo  amplifier  driving  the  follow-up  autosyn 
in  the  indicator 

5.  Gear  train  hang-up  in  the  indicator 

6.  Tape  slippage  in  the  indicator 

It  must  be  stated  that  this  is  not  merely  a  "go-no  go"  type  of 
monitor.  The  monitor  is  designed  to  detect  airspeed  errors  to  within 
+  4  knots.  Any  failure  in  the  airspeed  chain  from  the  CADC  to  the 
final  display  is  immediately  sensed.  Should  failure  occur,  a  warning 
flag  appears  in  the  airspeed  window. 

Self  Test  (  Air  Speed  Indicator  )  -  Self  test  provisions  are 
available,  if  desired.  The  checks  can  be  performed  during  pre-flight 
check  out  or  during  flight.  This  gives  assurance  that  the  indicator  is 
performing  properly.  Consideration  has  been  given  to  checking  the 
monitor  section  of  the  instrument  during  self  test.  Circuitry  is 
provided  in  the  self  test  sections  to  deliberately  introduce  a  fault  to 
determine  that  the  monitor  is  operating  properly. 
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The  single  installation  block  diagram  for  Configuration  #2  is 
shown  in  Figure  2A.  The  Central  Air  Data  provides  the  inputs  for 
display  on  the  Vertical  Scale  Air  Speed  and  Angle  of  Attack  Indicator. 

The  interconnector  for  the  other  components  are  identical  to  that 
required  for  Configuration  #1 . 

The  components  required  for  implementation  of  Configuration  #2 
is  given  in  Table  II. 
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Electrical  Load  Analysis  -  The  following  estimate  is  based  on  a 
single  installation  as  shown  in  Figure  2A  and  reflects  only  the 
additional  power  required  for  the  proposed  system. 

115  Volts  at  400  Cycles  -  975  VA 
26  Volts  at  400  Cycles  -  120  VA 
28  Volts  DC  -  45  VA 

Conclusions  With  Regard  to  Configuration  #2  -  The  conclusions 
stated  for  Configuration  #1  generally  apply  to  Configuration  #2  since 
the  only  difference  is  in  the  Round  Dial  verses  Vertical  Scale  Display 
of  Airspeed- Angle  of  Attack. 

The  Vertical  Scale  Display  of  Airspeed  does  provide  more  complete 
inherent  monitoring  features  cnahthe  standard  round  dial  airspeed 
indicator. 

In  addition,  the  panel  layout  affords  the  present  day  emphasis  on 
Vertical  Scale  displays. 
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2.  3  Configuration  #3 


This  panel  configuration  is  shown  in  Figure  3.  The  instrumenta¬ 
tion  consists  of  the  following  units: 

1.  Presently  installed  Airspeed  Indicator. 

2.  Presently  installed  Angle  of  Attack  Indicator 

3.  Clock 

4.  C6-A  Gyrosyn  Compass  Indicator 

5.  Attitude  Direction  Indicator  ARU-2  B/A 

6.  Horizontal  Situation  Indicator  AQU-4/A,  modified  to 
incorporate  Distance  Analog  Tape 

7.  RMI  (  E-P  36135) 

8.  Vertical  Scale  Display  of  Vertical  Speed,  Altitude,  and 
Terrain  Clearance 

9.  Presently  installed  Radio  Altimeter 

10.  Bleu  Auto-Land  Phase  Indicator 

11.  Flight  Director  Phase  Indicator 

12.  Flight  Director  Comparator  and  Warning  Lights 

*13.  Peripheral  Command  Indicator,  Fast-Slow  Indicator  and 
Mode  Selector  Switch 

*  Located  above  Panel 

The  airspeed  and  angle  of  attack  instruments  are  retained  and 
operate  as  presently  installed 

The  C6-A  Gyrosyn  Compass  Indicator  (  Sperry)  is  required  to 
provide  compass  synchronizations  with  the  presently  installed  Sperry 
C4-A  Compass  System.  This  requirement  was  mentioned  in  Progress 
Report  #2  (September  15,  1962).  The  data  transmitter  in  the  C6-A 
provides  primary  heading  information  to  the  Horizontal  Situation 
Indicator  while  the  RMI,  below  the  HSI,  receives  heading  from  the 
co-pilot' s  Master  Heading  Reference  Indicator  -  thus,  heading  from  two 
separate  sources  is  presented  to  the  pilot  on  the  HSI  and  RMI. 
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The  Attitude  Director  Indicator  is  the  unmodified  ARU-2  B/A,  i.  e. , 
the  flight  path  angle  servoed  tape  is  not  included.  There  does  not 
appear  to  be  justification  to  display  flight  path  angles  on  this  indicator 
since  ground  speed  corrections  to  the  air  derived  flight  path  angle  would 
have  to  be  provided  to  enable  the  flight  path  angle  to  serve  as  a  monitor 
for  the  glide  slope  beam.  The  complexity  and  cost  of  such  compensa¬ 
tion  in  addition  to  the  increased  cost  of  the  instrument  itself  was  the 
deciding  factor  in  recommending  the  standard  A.  D.  I.  (no  tape). 

The  instrument  displays  roll  and  pitch  altitude,  roll  and  pitch 
command,  rate  of  turn,  glide  slope  error  and  contains  an  inclinometer. 

Since  rate  of  turn  is  displayed  on  this  instrument,  the  presently 
installed  Rate  of  Turn  Indicator  was  removed. 

The  signals  feeding  the  attitude  and  command  displays  are 
supplied  from  the  Vertical  Gyro  and  Flight  Director  Computer  shown 
in  Figure  3A. 

The  servo  amplifiers  which  position  the  altitude  sphere  are 
integrally  contained  within  the  indicator.  It  must  be  noted  that  pitch 
and  roll  attitude  bootstraps  are  not  available  in  this  unit. 

The  Horizontal  Situation  Indicator  shown  in  Figure  3  is  an  AQU-4/A, 
modified  to  include  an  analog  distance  display.  The  salient  features 
presented  on  this  indicator  are:  heading,  VOR/TACAN  bearing,  a 
digital  (  Counter)  and  analog  display  of  TACAN  Range  (  distance), 
VOR-LOC  deviation  and  provision  for  selection  of  heading  and  course 
signals  for  use  with  a  Flight  Director  or  Autopilot  Computer.  In 
addition,  pre-select  heading  and  pre-select  course  can  be  remotely 
selected.  The  five  servo  amplifiers  required  for  heading,  bearing, 
analog  distance  display,  pre-select  heading,  pre-select  course  are 
self  contained. 

The  pre-select  course  can  be  read  on  a  counter  at  the  upper  right 
of  the  instrument. 

The  RMI  (  36135),  Vertical  Scale  display  of  vertical  speed,  terrain 
clearance  and  barometric  altitude,  radio  altimeter,  phase  indicators 
and  warning  lights  have  been  previously  described. 
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FIGURE  3  A 


The  block  diagram  of  the  single  installation  associated  with 
Configuration  #3  is  shown  in  Figure  3A.  It  is  not  felt  necessary  to 
describe  the  entire  signal  flow  since  it  is  similar  to  the  description 
included  for  Figure  1A,  but  only  the  differences  in  the  remote 
electronics  required. 

It  is  shown  in  Figure  3A  that  the  Flight  Director  Computer 
proposed  is  the  CPU  27/A  rather  than  the  presently  installed  Z-5 
Computer.  The  CPU-27/a  is  the  most  recent  flight  director 
computer  specified  by  the  Air  Force  and,  in  addition  to  containing 
circuitry  for  more  diversified  missions,  also  contains  the  D.  C. 
power  output  required  to  drive  the  roll  and  pitch  command  meter 
movements.  The  CPU-27A  is  especially  recommended  when 
integration  with  the  Attitude  Director  Indicator  ARU-2B/A  is  required. 

It  is  also  seen  that  the  addition  of  a  coupler  between  the  DME 
(ITT  100A)  fine  synchro  output  and  the  distance  analog  tape  is 
required.  This  provision  is  necessary  to  convert  the  A.C.  signal 
from  the  fine  synchro  to  an  appropriate  DC  signal  required  to  drive 
the  distance  analog  tape  in  the  Horizontal  Situation  Indicator. 

A  Table  of  Contents  is  given  below  listing  the  components  required 
for  implementation  of  the  proposed  Configuration  #3.  The  listing 
reflects  components  for  a  single  installation. 
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liable  on  require: 


Electrical  Load  Analysis  -  The  following  estimate  is  based  on  the 
single  installation  as  shown  in  Figure  3A  and  reflects  only  the 
additional  power  required  for  the  proposed  system. 

115  Volts  400  cycles  -  1000  VA 
26  Volts  400  cycles  -  120  VA 

28  Volts  DC  -  45  VA 

Conclusions  With  Regard  to  Configuration  #3  -  The  obvious 
advantage  in  selection  of  the  5  inch  Attitude  Director  Indicator  is  in  its 
size.  It  is  difficult  to  evaluate  as  to  how  much  is  gained  from  the  larger 
display.  However,  it  is  certainly  recommended  that  this  type  of 
display  be  considered  for  the  instrument  panel. 

The  Horizontal  Situation  Indicator  has  one  very  important  feature 
related  to  the  All-Weather  Landing  Program.  This  is  the  analog 
presentation  of  distance  to  touchdown.  The  picture  presented  to  the 
pilot  not  only  shows  him  distance  in  a  manner  that  is  more  easily 
interpreted  in  the  landing  phase  than  that  presented  on  the  digital 
(  counter)  display,  but  also  provides  a  pictorial  representation  of  the 
crab  angle  prevalent  in  flight.  The  localizer  bar  and  analog  distance 
display  will  alert  the  pilot  to  any  de-crabbing  required  near  touchdown. 

If  a  discrepancy  exists  in  this  distance  display,  it  is  the  small 
excursion  representing  the  final  three  miles  from  touchdown. 

The  comments  for  the  remainder  of  the  panel  are  reflected  in  the 
conclusions  with  regard  to  Configuration  #1. 

There  does  not  appear  to  be  a  requirement  to  make  use  of  the 
remote  selection  feature  available  in  the  Horizontal  Situation  Indicator 
with  regard  to  Pre-Select  Heading  and  Course.  However,  if  it  is 
decided  that  this  should  be  used,  this  addition  of  the  appropriate 
control  box  for  remote  selection  of  this  feature  can  easily  be  included. 
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2.  4  Configuration  #4 

This  panel  configuration  is  shown  in  Figure  4.  The  panel  is 
similar  to  that  proposed  in  Figure  3  with  the  exception  that  the  round 
dial  angle  of  attack  and  airspeed  indicators  are  replaced  with  vertical 
scale  displays  of  same. 

It  is  not  felt  necessary  to  again  comment  on  the  salient 
features  of  the  Vertical  Scale  Airspeed-Angle  of  Attack  Indicator. 

Since  it  was  also  thought  that  a  review  of  the  signal  flow  for 
Configuration  #4  was  not  necessary,  Figure  4A  has  not  been 
included  in  this  report. 


A  Table  of  Contents  is  given  below  listing  the  components 
required  for  implementation  of  the  proposed  Configuration  #4  Instrument 
Panel  and  associated  sensors  and  couplers. 
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Electrical  Load  Analysis  -  The  additional  power  required  is 
approximately  the  same  as  that  required  for  Configuration  #3, 

Conclusions  -  The  conclusions  with  regard  to  Configuration  #4 
are  essentially  those  reflected  for  Configuration  #3  in  addition  to  the 
comments  previously  mentioned  concerning  the  Vertical  Scale  dis  play 
of  Air  Speed  -  Angle  of  Attack. 
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2.  5  Configuration  #5 

This  panel  configuration  is  shown  in  Figure  5.  The  layout  is  identical 
to  Configuration  #1  with  the  exception  that  the  HZ -4  Horizon  Director  Indicator 
has  been  replaced  with  a  Bendix  Horizon  Director  Indicator. 

The  Horizon  Director  Indicator  (Bendix)  provides  the  following  salient 

features: 


1 .  Roll  and  Pitch  Attitude 

2.  Roll  and  Pitch  Command  on  a  single  command  bar 

3.  Speed  Control  (Slow-Fast) 

4.  The  longitudinal  mode  displayed  on  the  command  bar.  (Altitude, 

SCAT,  Glide  Slope,  Augmented  Glide  Slope)  . 

A  brightness  control  is  located  in  the  lower  right  corner  of  the  in¬ 
strument.  This  allows  for  adjustment  of  the  light  intensity  supplied  to  the 
four  mode  indicators. 

The  block  diagram  of  the  single  installation  associated  with  Configura¬ 
tion  #5  is  shown  in  Figure  5A. 

The  only  basic  difference  in  the  couplers  for  this  configuration  as 
compared  to  Configuration  #1  is  the  use  of  the  Bendix  (  300  Series)  Flight 
Director  .Computer  and  Flight  Instrument  Amplifier. 

The  computer  outputs  (Roll  and  Pitch  Command)  are  400  cycle  signals 
required  to  drive  the  Roll  and  Pitch  Command  Servo  Amplifiers. 

If  it  is  desired  to  retain  the  HZ-5  Computer  (DC  outputs),  a  coupler 
could  be  added  to  provide  the  appropriate  scaling  for  integration  with  the  re¬ 
ferenced  Horizon  Director  Indicator. 

The  Flight  Instrument  Amplifier  is  required  since  the  command  bar  is 
servo  driven  rather  than  DC  meter  movements. 

This  Horizon  Director  Indicator  is  similar  to  the  Bendix  Production 
Type  17810  Horizon  Director  Indicator  but  has  been  up-dated  to  display  speed 
commands  and  mode  indications  to  meet  the  requirements  for  a  more  integrated 
display  for  lower  minimum s. 

A  Table  of  Contents  is  given  below  listing  the  components  required  for 
implementation  of  the  proposed  Configuration  #5.  This  listing  reflects  components 
for  a  single  installation. 
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Electrical  Load  Analysis  -  The  following  estimate  is  based  on  the  single 
installation  as  shown  in  Figure  5A  and  reflects  only  the  additional  power  re¬ 
quired  for  the  proposed  system. 

115  Volts  400  Cycles  1  050  VA 

26  Volts  400  Cycles  120  VA 

28  Volts  DC  45  VA 

Conclusion  With  Regard  to  Configuration  #5 

The  proposal  of  the  use  of  the  Bendix  Horizon  Director  Indicator  rather 
than  the  present  HZ-4  Horizon  Director  Indicator  constitutes  the  only  difference 
between  Configuration  #5  and  that  proposed  in  Configuration  #1.  It  is  therefore 
considered  only  necessary  to  comment  on  this  one  indicator  as  the  conclusion 
for  Configuration  #1  apply  generally  to  this  panel  layout. 

The  proposed  Horizon  Director  Indicator  offers  the  following  desirable 
features. 

1.  Roll  and  Pitch  Command  is  presented  on  one  symbol  rather  than  two 

cross  pointers . 

2.  The  command  display  is  servo -driven  rather  than  meter  movements, 

thus  providing  a  "closed  loop"  display.  In  addition  to  eliminating  the 
problem  areas  usually  associated  with  meter  movements,  the  servoed 
display  also  lends  itself  more  easily  to  monitoring  techniques  which  are 
not  readily  adaptive  to  DC  meter  movements  displays. 

The  incorporation  of  the  fast- slow  (air  speed)  feature  directly  on  the  flight 
director  indicator  is  one  more  step  towards  integration  of  critical  landing  in¬ 
formation  on  one  indicator. 

This  fast- slow  indication  provides  for  monitoring  of  the  pitch  command  dis¬ 
played  on  the  flight  director  in  the  "go-around"  mode,  in  addition  to  providing 
airspeed  commands  during  take-off  and  cruise.  The  output  of  the  SCAT  unit  will 
be  fed  to  this  meter  movement. 

The  mode  indicator  depicting  the  various  inputs  to  the  pitch  axis  of  the  flight 
director  constantly  remind  the  pilot  of  the  sel.ected/automatic  mode  of  operation. 


c 

The  normal  sequencing  of  the  mode  lights  would  be  as  follows: 

Altitude,  if  altitude  hold  is  engaged,  would  be  lit  until  the  outer  marker 
is  approached.  When  the  mode  selector  switch  is  turned  to  Glide  Slope,  the 
Glide  Slope  mode  will  light.  When  the  automatic  switching  from  Glide  Slope 
to  Augmented  Glide  Slope  occurs,  the  AGS  mode  will  light.  In  the  event  the 
Flight  Director  disconnect  is  pressed  and  SCAT  is  armed,  the  SCAT  mode 
will  light.  Thus  the  incorporation  of  the  mode  indicators  provides  the  pilot 
with  a  constant  reminder  of  the  mode  selected  manually  or  automatically  for 
display  on  the  Horizon  Director  Indicator.  Although  not  shown,  a  ’’flare" 
mode  could  be  easily  added  thus  providing  a  complete  crosscheck  for  the 
Flight  Director  Phase  Indicator. 


< 


■'V 

-*x- 


54 


I 

< 


2.  6  Configuration  #6 


The  panel  layout  for  Configuration  #6  is  shown  in  Figure  6. 

It  is  seen  that  it  is  identical  to  Configuration  #5,  Figure  5,  with  the 
exception  that  airspeed-angle  of  attack  is  displayed  on  a  vertical  scale  rather 
than  the  presently  installed  round  dial  instruments.  It  was  not  felt  necessary 
to  submit  a  block  diagram  for  this  installation  since  the  inputs  to  the  Air  Speed- 
Angle  of  Attack  Vertical  Scale,  for  the  Central  Air  Data  Computer,  have  al¬ 
ready  been  shown,  Figure  2A. 

A  table  of  contents  is  given  below  listing  the  components  required  for 
implementation  of  the  proposed  Configuration  #6.  The  listing  reflects  components 
for  a  single  installation. 
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Proposed  FD  Phase  1.6875x3.542  3/4  lb.  Supplied  by  IW  See 

Indicator  Aug  GS  and  Flare  $100  Tex 


TABLE  VI 
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Electrical  Load  Analysis 


The  additional  power  required  is  approximately  the  same  as  that  required 
for  Configuration  #5. 

Conclusion  With  Regard  to  Configuration  #6 

The  conclusion  with  regard  to  Configuration  #6  are  essentially  those  re¬ 
flected  for  Configuration  #5  in  addition  to  the  comments  previously  mentioned 
concerning  the  Vertical  Scale  display  of  Air  Speed-Angle  of  Attack. 
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3. 


TYPICAL  CROSSFEED  OF  ENTIRE  SYSTEM 


The  block  diagram  shown  in  Figure  7  depicts  the  suggested  method  of 
interconnecting  the  proposed  instruments,  sensors,  computers,  etc.,  to 
provide  the  maximum  amount  of  redundancy  and  independent  crosschecks. 

Briefly,  the  #1  Compass,  #1  Vertical  Gyro,  #1  VOR-LOC  and  Glide 
Slope  Radio,  #1  Central  Air  Data,  etc.,  supply  the  pilot's  primary  instruments. 
The  other  set  of  sensors  and  computers  supply  the  presently  installed  co -pilot' s 
instruments,  the  set  of  instruments  to  be  installed  in  the  passenger' s  cabin  and 
the  autopilot  system. 

It  is  shown,  referring  to  the  pilot' s  panel  in  Figure  7,  that  the  Horizontal 
Situation  Indicator  is  fed  from  the  #1  Compass  System  and  the  Radio  Magnetic 
Indicator  is  fed  from  the  #2  Compass  System,  through  the  co -pilot' s  MHR4A. 
Redundancy  was  employed  as  far  as  possible.  The  Augmented  Vertical  Speed 
displayed  on  the  Vertical  Scale  Indicator  A/A24G-11  is  computed  using  the 
barometric  information  supplied  by  the  Central  Air  Data,  whereas,  the  pitch 
command  signals  supplied  to  the  flight  director  pitch  command  bar  are  computed 
using  both  air  data  and  radio  altitude  information  during  the  appropriate  portion 
of  the  flight  profile.  \ 

It  is  seen  that  the  F.  A.  A.  sponsored  Radio  Altimeter,  shown  as  Radar 
Altimeter  #1,  Figure  7,  supplies  terrain  clearance  to  the  pilot' s  Vertical  Scale 
A/A24G-11,  whereas  the  pilot' s  Radio  Altimeter  is  supplied  by  the  STR  30-B 
presently  installed  unit. 

It  was  not  felt  necessary  to  describe  in  detail  the  entire  crossfeed  of 
information  shown  in  Figure  7,  It  must  be  emphasized  that  redundancy  of  dis¬ 
played  information  was  the  prime  factor  governing  the  crossfeed  proposed. 
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SPECIFICATIONS  FOR  ITEMS  TO  BE  FABRICATED 


A  general  specification  is  included  for  items  not  presently  available. 
Naturally,  items  which  can  be  identified  by  a  vendor1  s  part  number,  MIL  Spec 
or  ARINC  reference,  are  not  included  herein. 

In  the  event  that  items  specified  herein  are  authorized  for  fabrication 
by  the  Project  Manager,  a  more  detailed  specification  will  be  provided. 

4.  1  Air  Speed  and  Angle  of  Attack  Vertical  Scale  Indicator/Amplifier 

Reference:  M1L-A-27670A  (  USAF)  Spec,  pertaining  to  the  A/A24G-1  0 

Indicator/Amplifier  Group. 

Method  of  Presentation  -  The  method  of  presenting  the  information  to 
the  pilot,  shall  be  by  means  of  a  moving  scale  to  be  read  against  a  fixed- 
center-reference  line  for  the  aircraft  indicated  Air  Speed,  and  Angle  of  Attack 
(  Safe  Speed) . 

The  indicator  shall  present  the  following  information  derived  from  synchro 
signals  from  the  Central  Air  Data  Computer. 

A)  Indicated  Air  Speed  (Range;  50  to  600  knots) 

B)  Angle  of  Attack  (Safe  Speed)  (Range:  -10°  to  +  25°) 
from  an  Angle  of  Attack  Transmitter. 

Indicator  Control  Transformer  Synchros: 

A)  Indicated  Air  Speed  AY30//S-18A1  Two  required  to  provide 

fine  and  coarse  follow  up. 

If  monitoring  is  required, 
an  additional  synchro  is 
needed. 

B)  Angle  of  Attack  AY30//S-18A1  '  Onerequired. 

(Maximum  Safe  Speed) 

Performance 

Scale  Error 
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Indicated  Air  Speed  Slew  Speed 


IAS 

XMTR 

Angle 

Knots 

Coarse  ° 

Fine  ° 

Function 

Max.  Time  in  Sec 

80 

353. 33 

326. 67 

Indicated  airspeed  (50-600) 

12 

100 

0 

0 

200 

33.  3 

166.67 

Safe  Speed  (Angle  of  Attack) 

5 

300 

66.  7 

333. 33 

(  -10°  to  +  25°) 

400 

100 

140. 

500 

1  33.  3 

306. 67 

600 

166.7 

113.  33 

Accuracy 

Indicated  Air  Speed  -  All  readings  shall  not  be  in  error  in  excess  of 
1  knot  as  read  on  the  fine  synchro. 

Angle  of  Attack  -  All  readings  shall  not  be  in  error  in  excess  of  ,25° 
angle  of  attack  as  rea.d  on  the  Angle  of  Attack  Transmitter. 


■  Operation 


Indicated  Air  Speed  -  The  indicated  Air  Speed  moving  scale  shall  be 
actuated  by  a  servo  mechanism  with  dual  speed  transmitting  synchro  input. 

The  input  to  the  synchro  control  transformer  shall  be  linearly  proportional  to 
indicated  airspeed  over  the  range  of  50  to  600  knots.  Synchro  electrical  zero 
shall  be  at  100  knots.  The  tape  scale  factor  shall  be  1  l/4  inches  per  50  knots 
with  markings  at  every  10  knots.  When  the  signal  input  is  below  50  knots,  the 
moving  scale  shall  remain  fixed  at  50  knots.  Electrical  scale  factor  shall  be 
166.67°  per  100  knots  fine  and  33.  33®  per  100  knots  coarse.  Servo  slew  speed 
shall  be  at  least  2,  000  knots  per  minute. 

Angle  of  Attack  (Safe  Speed)  -  The  angle  of  attack  moving  scale  shall  be 
actuated  by  a  servo  mechanism  with  synchro  input.  The  input  to  the  synchro 
control  transformer  shall  be  proportional  to  the  angle  of  attack  over  a  range 
-10°  to  +  25°.  Scale  factor  shall  be  2.  7°  per  5 /l 6  inch  of  tape  with  markings 
at  every  degree.-  Electrical  zero  shall  be  at  0°  angle  of  attack.  Servo  slew 
speed  shall  be  at  least  420®/minute. 


c 
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Damping  -  A  damping  adjustment  shall  be  provided,  accessible  exter¬ 
nally  on  the  amplifier  for  the  purpose  of  adjusting  to  optimum  damping  character¬ 
istics. 

\ 

Self  Test  Circuit  -  A  self -test  circuit  shall  be  provided  in  the  indicator 
so  that  the  air  speed  tape  may  be  positioned  to  a  preset  value  of  225  knots. 

Air  Speed  Monitoring  Circuit  -  A  monitoring  circuit  shall  be  provided 
that  will  detect  malfunctions  in  the  indicator  components  and  in  intercabling, 
included  the  transmitter  synchro  within  the  air  data  computer.  A  malfunction 
shall  cause  the  IAS  warning  flag  to  appear.  Provisions  shall  be  included  so  that 
nuisance  type  warnings  are  not  detected. 

Amplifiers  -  The  servo  amplifiers  shall  be  of  the  transistor-mag  type 
amplifiers.  The  design  shall  provide  for  plug  in  modules  for  power  supply, 
auxiliary  circuits,  and  amplifier  circuits. 

Servo  -  Response 

Function  Bandwidth 

Airspeed  3-8  cps 

Angle  of  Attack  2  to  5  cps 

Power  Requirements  -  The  power  requirements  shall  be  of  the  following 

type : 


AC  Power 


Operating  Limits  : 
Emergency  Supply: 
Frequency  Limits: 
Max  Operating  V.A.  : 
Max  warmup  time: 


1  02  to  1  24  Volts 
90  to  130  Volts 

380  to  420  cps 
63  VA 

2  minutes 


Power  Failure  Indication  -  In  the  event  of  normal  and  emergency  power 
supply  failure,  a  spring  loaded  dropout  flag  shall  be  provided,  red  in  color  with 
black  "OFF"  lettering. 

Lighting  -  The  instrument  shall  be  lighted  internally  in  accordance  with 
MIL-L-27160.  A  400  cps  voltage,  variable  from  0  to  5  volts  rms,  shall  supply 
power  for  internal  lighting  for  both  normal  and  emergency  operation. 
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Elapsed  Time  Indicator  -  A  1  0,  000  hour,  4  digit  type  elapsed  time  indi¬ 
cator  conforming  to  MSI 7322  shall  be  provided  and  so  mounted  in  the  indicator 
that  the  dial  is  visible  on  the  side  or  rear  of  the  case. 

Weight  -  The  weight  of  the  indicator  shall  not  exceed  8  pounds  and  the 
weight  of  the  amplifier  shall  not  exceed  7  pounds. 

Size  -  The  size  of  the  indicator  shall  be  2.  25  inches  wide,  8  inches  high 
and  9  inches  long.  The  size  of  the  amplifier  shall  be  4  inches  wide,  4.  5  inches 
high  and  6.  25  inches  long. 


4.  2  Bendix  Horizon  and  Director  Indicator 


The  Bendix  Horizon  and  Director  Indicator  proposed  for  the  All-Weather 
Instrument  Landing  System,  shall  be  a  modified  Bendix  type  17810  Indicator. 

The  present  17810  HDI,  which  is  presently  used  by  many  airlines  and  F.A.A. 
certified,  has  a  servoed  attitude  sphere  and  a  servoed  command  display.  The 
modified  indicator  shall  present  the  following  information  in  addition  to  those 
incorporated  in  the  present  17810  HDI: 

A.  SCAT  "Fast-Slow"  meter  movement 

B.  SCAT  "OFF"  Flag 

C.  Flight  Director  Mode  Lamp  Indications 

D.  "Dim-Bright"  Lamp  Control 

Operation  -  The  operation  of  the  additional  features  will  only  be  specified 
since  the  basic  functions  of  the  indicator  has'  not  changed. 

SCAT  "Fast-Slow"  Meter  Movement  -  The  SCAT  meter  movement  shall 
be  actuated  by  means  of  a  DC  current  derived  by  the  SCAT  System.  The  meter 
movement  shall  have  the  same  characteristics  as  that  used  in  the  present  SCAT 
Indicator.  An  "OFF"  shutter  shall  appear  over  the  SCAT  meter  movement  when 
the  SCAT  system  is  either  not  in  use  or  has  a  malfunction.  The  "OFF"  shutter 
shall  also  be  actuated  by  the  SCAT  System. 

Flight  Director  Mode  Lamp  Segments  -  Mode  lamp  segments  shall  be 
situated  on  the  left  and  right  sides  of  the  instrument.  The  mode  segments  shall 
be  actuated  by  power  supplied  by  the  Flight  Director  System  and  shall  be  lettered: 
Alt  (Altitude),  G.  S.  (Glide  Slope)  on  the  two  left  segments:  and  SCAT,  AGS 
(Augmented  Glide  Slope)  on  the  two  right  segments.  These  segments  shall  have 
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a  dull  black  finish  with  the  letters  engraved  into  them.  The  letters  themselves 
shall  have  a  light  black  finish  so  that  when  power  is  applied  to  an  individual 
segment,  the  letters  shall  appear  white.  The  brightness  of  the  lamp  segments 
shall  be  controlled  by  an  external  knob  located  in  the  lower  right  hand  side  of 
the  indicator.  The  indicator  shall  have  markings  labeled  "DIM"  and  "BRIGHT" 
and  shall  be  located  at  the  counter-clockwise  and  clockwise  positions  of  the  knob. 
The  control  shall  also  have  a  "press  to  test"  feature  to  determine  the  conditions 
of  the  lamps  within  the  indicator. 

Power  Requirements  -  The  power  requirements  needed  for  the  addi¬ 
tional  features  shall  be  of  the  following  type: 

AC  Power:  Operating  Voltage:  5  Volts 

Max  Operating  VA:  3  VA 

Weight:  -  The  additional  features  shall  not  contribute  more  than  .  5 
pounds  to  the  present  indicator. 

Size:  -  There  shall  be  no  change  in  the  size  of  the  instrument. 


4.  3  Distance  to  Touchdown  Indicator 


Method  of  Presentation  -  The  method  of  presenting  the  information  to 
the  pilot  shall  be  by  means  of  a  moving  display  to  be  read  against  a  fixed  re¬ 
ference  line  for  the  aircraft  distance  to  touchdown. 

The  indicator  shall  present  distance  information  derived  from  the  "Units" 
transmitter  synchro  in  the  DME  System. 

Performance 


Scale  Factor 


Distance  N.  Miles 

CT  Synchro  Angle 

-1 

324° 

0 

0° 

+  1 

36' 

Slew  Speed 

2 

72' 

3 

108' 

Distance  to  Touchdown 

4 

144' 

(  -1  to  +  8  N  Miles)  -10  sec  max 

5 

180° 

6 

216' 

7 

252' 

8 

288' 
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Accuracy  -  +  .  05  Nautical  Mile  for  ranges  from  -1  to  +  8  Nautical  Miles. 


Operation  -  The  distance  to  touchdown  moving  display  shall  be  actuated 
by  a  servo-mechanism  with  unit*  s  transmitter  synchro  input  from  the  DME 
system.  The  input  to  the  synchro  control  transformer  shall  be  linearly  pro¬ 
portional  to  the  distance  to  station  over  the  range  of  -1  to  +  8  Nautical  Miles. 
The  tape  scale  factor  shall  be  1  inch  per  Nautical  Mile  with  graduation  and 
numerical  markings  at  every  Nautical  Mile  for  ranges  from  +  8  to  +  1  Nautical 
Mile.  A  cross-hatched  runway  display  shall  represent  the  distance  from  0  to 
-1  Nautical  Mile.  When  the  signal  input  is  lower  than  -1  Nautical  Mile,  the 
moving  tape  shall  remain  fixed  at  -1  Nautical  Mile. 

The  runway  shall  come  in  view  at  the  top  of  the  instrument,  when  a  dis¬ 
tance  of  2.5  Nautical  Miles  is  read  under  the  fixed  reference  line.  Electrical 
scale  factor  shall  be  36“  per  1  Nautical  Mile.  Servo  slew  speed  shall  be  at 
least  70  Nautical  Miles  per  minute. 

Amplifier  -  The  Servo  Amplifier  shall  be  of  the  transistor  type  and  an 
integral  part  of  the  instrument. 

Servo  Response  -  The  distance  servo-mechanism  shall  have  a  bandwidth 
between  2  to  5  cps. 

Power  Requirements  -  The  power  requirements  shall  be  of  the  following 

type: 


AC  Power:  Operating  Limits: 

Frequency  Limits: 
Max  operating  YA: 
Max  Warmup  Time 


1  02  to  124  Volts 
380  to  420  cps 
30  VA 
1  minute 


Power  Failure  Indication  -  In  the  event  of  normal  power  supply  failure, 
a  spring  loaded  dropout  flag  shall  be  provided,  red  in  color  with  black  "OFF" 
lettering. 


Lighting  -  The  instrument  shall  be  lighted  internally  in  accordance  with 
MIL-L-27160.  A  400  cps  Voltage,  variable  from  0  to  5  Volts  RMS  shall  supply 
power  for  the  internal  lighting. 


W eight  -  The  weight  of  the  indicator  shall  not  exceed  3  pounds. 
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Size  -  The  size  of  the  indicator  shall  be  1.25  inches  wide,  5.875  inches 
high,  and  5.5  inches  long. 

4,  4  Flight  Director  Phase  Indicator 

Method  of  Presentation  -  The  method  of  presenting  Flight  Director  phase 
information  to  the  pilot,  shall  be  by  means  of  lighting  3  lamp  segments  labeled 
GS  (Glide  Slope),  Aug.  GS  (Augmented  Glide  Slope),  and  Flare. 

Operation  -  The  phase  lamp  segments  shall  be  actuated  by  power  supplied 
by  the  Augmented  Glide  Slope  and  Exponential  Flare  Module.  The  lamp  segments 
shall  have  a  dull  black  finish  with  the  letters  engraved  into  them.  The  letters 
themselves  shall  have  a  light  black  finish  so  that  when  power  is  applied  to  an 
individual  segment,  the  letters  shall  appear  white.  The  lamp  segments  shall 
also  have  a  "press  to  test"  feature  to  determine  the  condition  of  the  lamps 
within  the  indicator. 

Power  Requirements  - 

DC  Power:  Operating  Limits:  20  to  28  Volts 

Max  operating  power:  2  watts  per  segment 

Weight  -  The  weight  of  the  indicator  shall  not  exceed  .75  pounds. 

Size  -  The  size  of  the  indicator  shall  be  1.6875  inches  wide,  3.5  inches 
high  (includes  mounting  flanges)  and  2.  0  inches  long. 

The  size  of  each  segment  shall  be  1. 375  inches  wide,  .625  inches  high, 
and  shall  extend  beyond  the  panel  by  .  1250  inches  maximum. 


4.  5  Flight  Director  Monitor  and  Comparator  Warning  Lamps 

The  monitor  and  comparator  warning  lamps  shall  be  actuated  by  the 
monitor  and  comparator  Warning  Module.  The  lamps  shall  have  the  "press  to 
test"  feature  to  determine  the  condition  of  the  lamp.  The  additional  power  to 
actuate  the  lamps  shall  be  1  8  watts  from  the  28  Volt  DC  line. 


4,  6  Monitor  Comparator  Warning  System 


Since  much  can  be  said  on  the  subject  of  monitoring,  it  is  felt  that  cer¬ 
tain  philosophy  schemes  should  be  described  instead  of  specifying  detailed 
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monitoring  and  comparison  circuits.  A  detailed  specification  can  be  written 
after  the  Project  Manager  has  decided  which  schemes  are  to  be  used. 

The  present  interlocking  associated  with  the  compass,  computer  and 
vertical  gyro  warning  flags,  {which  makes  use  of  power  monitoring  solely) , 
and  the  countless  cross  checking  between  instrument  panels,  can  greatly  be 
improved  and  simplified  by  means  of  a  monitor-comparator  warning  system. 

The  following  monitor  and  cross  panel  comparator  schemes  are  proposed  to 
indicate  inherent  failures  of  and  excessive  errors  between  prime  navigational 
systems.  These  indications  will  be  evident  to  both  the  pilot  and  observer  by 
the  operation  of  warning  lamps  on  their  respective  instrument  panels. 

A  brief  description  of  each  scheme  is  as  follows: 

a  -  Pilot  Panel  Inherent  Monitor  Scheme -( Figure  8) 

The  #1  Vertical  Gyro  Instrument  Warning  Lamp 

The  Vertical  Gyro  Instrument  Warning  Scheme  involves  the 
use  of  28  Volts  dc  supplied  by  #1  Vertical  Gyro  Erection  Circuit 
and  the  use  of  the  pitch  and  roll  attitude  null  detector  in  the 
Monitor-Comparator  Warning  Coupler.  The  monitor  pickoffs.are 
located  at  the  inputs  of  the  two  instrument  amplifiers.  Hence, 
provisions  must  be  made  in  units  where  the  amplifiers  are  inte- 
.  grally  located,  as  in  the  case  of  the  proposed  Air  Force  Attitude 
Director  Indicator  ARU-2B/A.  The  null  detector  shall  detect 
a  multiple  of  failures  in  both  the  pitch  and  roll  attitude  instrument 
servo  mechanisms.  The  failures  to  be  sensed  are  those  that  occur 
in  the  motor-generator  units,  gear  trains  and  instrument  ampli¬ 
fiers.  The  monitor,  detecting  these  failures  and  sensing  the 
absence  of  the  gyro  erection  dc  voltage,  closes  the  S3  contacts  which 
causes  the  #1  Vertical  Gyro  Instrument  Warning  Lamp  to  light. 

The  #1  Compass  Warning  Lamp 


The  Compass  Warning  Scheme  involves  the  use  of  the  28  Volts 
dc.  supplied  by  the  #1  Compass  Amplifier  and  the  use  of  the  compass 
servo  amplifier  null  detector  in  the  Monitor -Comparator  Warning 
Coupler.  The  monitor  pickoff  is  located  at  the  input  of  the  Compass 
Servo  Amplifier.  The  null  detector  shall  detect  failures  in  the  pri¬ 
mary  compass  indicator  such  as  the  Sperry  Type  (C.6-A  or  MHR-4A) 
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PILOT  PANEL  INHERENT  MONITORING  SCHEME 

FIGURE-  8 
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The  type  of  failures  which  are  sensed,  are  those  that  occur  in  the 
motor-generator  unit,  gear  train  and  servo  amplifier.  The  monitor, 
detecting  these  failures  and  sensing  the  absence  of  the  compass 
amplifier  dc  voltage,  closes  two  pairs  of  contacts  of  which  one  (S4) 
is  used  to  light  the  #1  Compass  Warning  Lamp.  The  other  contact 
(S5)  is  used  as  an  interlock  in  the  #1  Computer  Warning  Scheme. 

The  #1  VOR-LOC  Radio  and  the  #1  Glide  Slope  Radio  Warning  Lamps 


Two  pairs  of  radio  sensors  shall  be  used  to  monitor  the  current 
presently  supplied  to  the  VOR-LOC  and  Glide  Slope  Warning  Flags 
in  the  Horizontal  Situation  Indicator.  The  failures  that  are  detected 
by  the  present  radio  warning  circuits,  will  consequently  be  sensed  by 
the  VOR-LOC  and  Glide  Slope  Sensors.  These  sensors  are  actually 
integral  parts  of  the  VOR-LOC  and  Glide  Slope  Null  Detectors  in  the 
Monitor-Comparator  Coupler.  Each  monitor,  detecting  the  absence 
of  current  in  the  individual  flag  circuits,  energizes  a  double  pole, 
double  throw  relay.  A  set  of  contacts  (  S7  and  S9)  of  each  relay,  is 
used  to  respectively  light  the  #1  VOR-LOC  and  the  #1  Glide  Slope 
Warning  Lamps.  The  other  sets  ( S6  and  S8)  are  used  as  interlocks 
in  the  #1  Computer  Warning  scheme.  It  must  be  noted  that  if  the 
mode  selected  by  the  mode  selector  switch  does  not  make  use  of  the 
radio  inputs,  these  contacts  will  automatically  remain  in  the  de¬ 
energized  positions  despite  the  absence  of  current  in  the  individual 
flag  circuits. 

The  #1  Computer  Warning  Lamp 


The  computer  warning  scheme  involves  the  use  of  28  Volts  dc 

supplied  by  the  #1  Computer.  This  voltage  shall  be  interlocked  by: 

1.  Set  of  contacts  (S2)  provided  by  the  vertical  pointer  flag  warning 
circuit  in  the  CPU-27/A  Computer. 

2..  Set  of  contacts  (SI)  provided  by  the  #1  Vertical  Gyro  Erection 
Circuit. 

3.  Set  of  contacts  (S5)  provided  by  the  compass  null  detector  pre¬ 
viously  described. 

4.  Set  of  contacts  (S7)  provided  by  the  VOR-LOC  null  detector 
previously  described, 

5.  Set  of  contacts  (S9)  provided  by  the  Glide  Slope  null  detector 
previously  described. 

If  no  failures  are  encountered  along  the  computer  warning  chain 

the  computer  dc  voltage  energizes  the  K1  relay  which  in  turn  disrupts 
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the  current  to  the  #1  Computer  Warning  Lamp  by  means  of  the  S10 
•contacts.  The  loss  of  computer  power  or  any  failures  along  the 
computer  warning  scheme,  enables  the  warning  relay  contact  (S10) 
to  resume  its  normally  closed  position,  causing  the  warning  lamp  to 
light.  This  lamp  will  be  interlocked  with  the  mode  selector  switch 
so  that  if  the  computer  system  is  not  in  use,  the  #1  Computer  Warn¬ 
ing  Lamp  will  not  light. 

b  -  Observer  Panel  Inherent  Monitoring  Scheme  -  ( Figure  9) 

The  observer  panel  inherent  monitoring  scheme  (monitoring  of 
#2  set  of  prime  navigational  systems)  is  identical  to  the  pilot  panel 
inherent  monitoring  scheme.  The  second  set  of  null  detectors  will 
be  housed  in  the  same  monitor-comparator  warning  coupler,  and 
will  operate: 

1.  The  #2  Vertical  Gyro  Instrument  Warning  Lamp 

2.  The  #2  Compass  Warning  Lamp 

3.  The  #2  VOR-LOC  Warning  Lamp 

4.  The  #2  Glide  Slope  Warning  Lamp 

5.  The  #2  Computer  Warning  Lamp 

c  -  Pilot  and  Observer  Cross  Panel  Comparator  Scheme  (Figures  10  and  11) 
-The  Compass  Comparator  Warning  Lamp 


The  Compass  Comparator  compares  the  difference  between  the 
#1  and  #2  compass  "boot  strap"  transmitters,  which  are  located  in  the 
'primary  compass  instrument  (Sperry  C6-A  or  MHR-4A)  ,  This  differ¬ 
ence  is  sensed  by  the  monitor-comparator  coupler  which  in  turn  acti¬ 
vates  the  compass  comparator  warning  lamp.  A  compensation  circuit 
is  incorporated  so  that  a  false  warning  is  not  indicated  in  a  turn.  The 
warning  indication  does  not  tell  which  system  has  the  malfunction,  but 
this  can  be  deduced  by  the  inherent  monitor  warning  scheme. 

"The  Vertical  Gyro  Instrument  Comparator  Warning  Lamp 


The  Vertical  Gyro  Instrument  Comparator  compares  the  difference 
of  the  #1  with  the  #2  pitch  and  roll  "bootstrap"  transmitters.  These 
transmitters  are  located  in  the  Horizon  Flight  Director  Indicator  (Sperry 
HZ -4)  .  For  comparison  of  attitude  indicators  which  do  not  contain  the 
"bootstrap"  transmitters,  such  as  the  Air  Force  Type  ARU-2B/A, 
another  method  must  be  incorporated  to  detect  the  difference  of  the  prime 
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OBSERVER  PANEL  INHERENT  MONITORING  SCHEME 

FIGURE  -  9 


COMPARATOR  LIGHTS  ON  PILOT'S  PANEL 
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COMPARATOR  LIGHTS  ON'  PILOT’S  PANEL 


PILOT  AND  OBSERVER  CROSS  PANEL  COMPARATOR  SCHEME  #2 

FIGURE*  II 
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attitude  information.  These  differences  are  sensed  by  two  comparison 
circuits,  either  of  which  can  trigger  the  transistor  switch  which  lights 
the  Vertical  Gyro  Instrument  Comparator  Warning  Lamp.  For  com¬ 
parison  of  attitude  indicators  using  electrical  pitch  trim,  a  circuit  is 
incorporated  to  compensate  for  the  trim  setting.  A  faulty  vertical 
gyro  instrument  system,  can  be  singularly  determined  by  the  in¬ 
herent  monitor  warning  scheme. 

The  VOR-LOC  and  Glide  Slope  Radio  Comparator  Warning  Lamps 


The  radio  displacement  signals  are  initially  detected  by  means 
of  sensors.  Separate  sensors  are  needed  so  as  not  to  load  or  any 
way  affect  the  radio1  s  performance.  Each  sensor  will  be  associated 
with  a  particular  radio,  which  are  the  #1  VOR-LOC,  #2  VOR-LOC, 

#1  Glide  Slope  and  #2  Glide  Slope  Receivers. 

The  outputs  of  each  sensor  are  paired  off  and  compared  by  the 
VOR-LOC  Radio  and  the  Glide  Slope  Radio  Comparators.  These 
comparators  will  activate  the  VOR-LOC  and  the  Glide  Slope  com¬ 
parison  warning  lamps  if  appreciable  errors  exist  in  each  system. 
Individual  radios  are  monitored  by  the  Inherent  Monitor  Warning 
System. 

Central  Air  Data  Comparison  Warning  Lamp 

Since  altitude  is  a  parameter  which  is  being  used  by  various 
instrumentation  systems,  means  is  provided  to  check  that  this  in¬ 
formation  is  approximately  correct.  A  simple  method  is  used  which 
compares  the  "fine"  altitude  signal  from  the  #2  Central  Air  Data 
Computer.  A  large  difference,  being  sensed  by  the  Air  Data  Compara¬ 
tor,  is  indicated  by  the  Air  Data  Comparison  Warning  Lamp. 

Radio  Altimeter  Comparator  Warning  Lamp 


The  two  radio  altimeter  informations  being  prime  parameters 
in  the  final  stages  of  an  approach,  will  also  be  compared.  Although 
a  different  radio  altimeter  is  being  considered  for  the  instrumentation 
system,  proper  scaling  of  the  Altimeter  Comparator  Circuit  will  give 
the  correct  indication  on  the  Radio  Altimeter  Comparator  Warning 
Lamp.  Circuitry,  similar  to  that  used  on  the  VOR-LOC  and  Glide 
Slope  Radio  Comparator  system,  will  be  used  in  this  scheme. 
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Instantaneous  Vertical  Velocity  Comparator  Warning  Lamp 


To  insure  that  the  information  to  the  altitude  rate  tape  on  the 
vertical  scale  indicator  is  correct,  a  comparator  is  used  to  check 
the  IVV  signal  out  of  the  #1  IVV  module  with  the  1VV  signal  out  of 
the  #2  IVV  module.  If  an  appreciable  difference  exists,  the  IVV 
comparator  circuit  will  energize  the  IVV  comparator  warning  lamp 
on  the  panel. 

Flight  Path  Error  Comparator  Warning  Lamp 

The  correctness  of  the  Flight  Path  Error  Signal  on  the  final 
phases  of  an  approach,  necessitates  the  use  of  a  comparator  on 
the  augmented  Glide  Slope  and  Exponential  Flare  Information. 

Upon  detecting  an  excessive  error  between  the  #1  and  #2  modules, 
the  comparator  circuit  activates  the  Flight  Path  Error  Comparator 
Warning  Lamp  on  the  panel. 

The  monitor  and  comparator  circuits  shall  not  load  or  any  way  affect 
the  performance  of  the  individual  systems.  Provisions  shall  be  incorporated, 
to  externally  adjust  the  level  atwhich  the  monitors  and  comparators  shall  pro¬ 
vide  a  warning.  A  suitable  time  delay  shall  be  provided  into  each  circuit  to 
eliminate  nuisance  type  warnings. 

Size  .and  Weight  ^  The  coupler,  which  houses  the  monitor  and  comparator 
circuitry,  shall  be  a  3/4  ATR  short  box  and  shall  not  weigh  more  than  11 
pounds. 


Power  -  The  power  requirements  shall  be  of  the  following  type: 


A.C.  Power: 


D.  C.  Power: 


Operating  Limits: 
Frequency  Limits: 
Max.  Operating  VA: 


102  to  124  Volts 
380  to  420  cps 
5  70  VA 

28  Volts  DC  +  1  0% 
40  Watts 


Operating  Limits: 

Max.  Operating  Power  : 


4,  7  "Distance  to  Touchdown  Coupler 


A  distance  coupler  shall  be  used  if  the  Project  Manager  selects  to  use 
the  modified  AQU-4/A  Horizontal  Situation  Indicator.  A  coupler  is  required 
since  the  resolution  of  the  DME  potentiometer  is  inadequate  to  meet  the  re¬ 
quirements  of  the  analog  distance  tape  in  the  modified  HSI. 
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Operation  -  The  distance  to  touchdown  information  shall  be  derived  from 
the  "Unit1  s"  transmitter  synchro  in  the  DME  System.  The  coupler  houses  a 
"follow-up"  servo-mechanism  which  positions  a  multi-turn  potentiometer.  , 
This  potentiometer  shall  have  the  resolution  and  linearity  exceeding  the  re¬ 
quirements  of  the  HSI.  The  potentiometer  shall  have  the  following  scale 
factor  to  make  it  compatible  with  the  distance  tape  mechanism: 

-600  Microamperes  DC  at  8  to  4  miles  from  touchdown. 

-45  0  Microamperes  DC  at  3  miles  from  touchdown. 

-300  Microamperes  DC  at  2  miles  from  touchdown. 

-150  Microamperes  DC  at  1  mile  from  touchdown. 

0  Microamperes  DC  at  touchdown. 

+  150  Microamperes  at  .7  miles  past  touchdown. 

When  the  signal  input  is  lower  than  -.  7  miles,  the  output  shall  remain 
fixed  at  -.  7  miles. 

Accuracy  -  +  .  05  Nautical  Mile  for  ranges  from  -.  7  to  +  8  Nautical  Miles. 

Slew  Speed  -  The  servo  slew  speed  shall  be  at  least  70.  Nautical  Miles 
per  minute. 

Servo  Scale  Factor: 

Distance  N.  Miles  CT  Synchro  Angle 


-.7 

334.  8 

0 

0 

+  1 

36 

2 

72 

3 

108 

4 

144 

5 

180 

6 

216 

7 

252 

8 

288 
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Coupler  Transducers 


A)  Coupler  Control  Transformer  Synchro  -  Distance_to  Touchdown 

AY3  0//S-18A1 

B)  Multi-Turn  Pot  Resolution  and  Linearity  to  meet  accuracy  r  e  quire  men*'  ts, 

C)  Amplifier  -  The  servo  amplifier  shall  be  completely  transistorized, 

Servo  Response  -  The  distance  servo-mechanism  shall  have  a  bandwidth 
between  2  to  5  cps. 


Power  Requirements  -  The  power  requirements  shall  be  of  the  following 
type: 


AC  Power:  Operating  Limits: 

Frequency  Limits: 
Max.  Operating  VA: 


102  to  124  Volts 


38  0  to  42  0  cps 
35  VA 


-  —  ft - 


Max.  Warmup  Time:  1  minute 

Weight  -  The  weight  of  the  coupler  shall  not  exceed  3  pounds. 
Size  -  The  size  of  the  coupler  shall  be  l/4  ATR  short. 


4.  8  Scat  Coupler 

Since  the  Specialties  System  has  not  completely  been  evaluated,  the 
Scat  Speed  Control  System  has  been  proposed  for  the  All-Weather  Instrumeitnt 
Landing  System.  The  SCAT  System  has  provisions  for  both  AC  and  DC 
output  signals  which  can  easily  be  made  compatible  to  any  one  of  the 
proposed  instrument  systems.  Direct  use  of  these  output  signals  does  not 
appear  to  warrant  the  use  of  a  SCAT  coupler. 

4.  9  Collins  Peripheral  Command  Indicator  Coupler 

Collins,  to  this  date,  has  not  given  any  details  on  the  operation  of  theirxr 
PCI.  Since  these  items  are  not  known,  the  requirements  for  a  coupler  re¬ 
quired  to  provide  compatibility  between  the  Flight  Director  Computer  and 
Peripheral  Command  Indicator  cannot  be  specified. 


4.  10 


Instantaneous  Vertical  Velocity -Augmented  Glide  Slope  and  Flare 
Coupler 


The  coupler  shall  supply  the  following  signals  to  provide,  optimum 
longitudinal  guidance  to  touchdown: 

1)  Altitude  Rate.  (IVV)  ... 

2)  Augmented  Glide  Slope 

3)  Flight  Path  Error  to  accomplish  the  proper  flare 

Specification  for  Design  of  IVV-Augmented  Glide  Slope  and  Flare 
Coupler 


The  outputs  required  from  this  coupler  are: 

a  -  IVV  for  use  with  the  Vertical  Scale  Vertical  Speed  Display 
b  -  Flight  Path  Error  (longitudinal)  -  for  use  with  the  Flight  Director 
Computer 

1.  I.  V.  V. 


General  -  The  IVV  output  shall  have  a  signal  to  noise  ratio  that  does 
not  significantly  degrade  the  use  for  which  it  is  intended,  namely 
an  instrument  display. 

Specific  -  1)  Range:  0  to  20,  000  feet/minute 

2)  Accuracy:  +50  feet/minute  or  2%  of  actual  velocity, 

whichever  is  greater 

3)  Scale  Factor:  -  '30  Millivolts,-  400  cps  ■=  60  feet/tninute 

4)  Resolution:  25  feet/minute 

5)  Type  of  Output:  2  wire  instantaneous  vertical  velocity 

signal,  in  phase  for  climb  and  out  of 
phase  for  descent 

6)  Output  Impedance:  less  than  1000  ohms 
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Inputs  -  1)  Altitude:  Fine  Synchro  Transmitter  in  CADC 

(  360®  =  5000  feet) 


2)  Rate  of  Climb:  Tachometer  in  CADC 

(  250  mv  =  1000  feet/minute) 

3)  Altitude:  ( Radar  Altimeter  -  F.A.A.  sponsored, 

or  STR  -  30B) 

4)  Rate  of  Climb:  (Radar  Altimeter  -  F.A.A.  sponsored. 

The  STR  -30B  does  not  provide  alti¬ 
tude  rate  -  Provisions  must  be  made 
to  generate  this  signal) 

5)  Two  wire  roll  attitude  for  roll  compensation 


2.  Flight  Path  Error -(  Longitudinal) 


This  signal  shall  be  used  to  provide  longitudinal  displacement  from 
the  glide  slope  and  predetermined  flare  path  during  flare.  The 
means  of  extending  the  glide  slope  usefullness  is  not  specified  since 
various  methods  exist.  The  exponential  flare  shall  be  based  on 
Radar  Altitude  and  Altitude  Rate  (IYV) .  Interlocks  shall  be  incor¬ 
porated  so  that  if  a  failure  should  occur  in  either  the  Central  Air 
Data  Computer  or  the  Radar  Altimeter,  the  Glide  Slope  error  shall 
remain  to  be  the  Flight  Path  Error  throughout  the  duration  of  the 
landing . 

Output  -  The  Flight  Path  error  shall  be  compatible  with  the  Glide 
Slope  Signal  scale  factor  to  minimize  system  integration  problems. 

Means  shall  be  provided  to  indicate  the  mode  of  flight  which  is 
being  displayed  (  GS,  Augmented  GS.  Flare). 

Inputs  -  The  inputs  to  the  Augmented  Glide  Slope  and  Flare  Sub- 
Assemblies  shall  be  IYV  (independent  from  the  IVV  supplied  to  the 
Vertical  Scale),  Glide  Slope  Error,  Radar  Altitude  and  Altitude 
Rate . 


Description  -  A  description  of  the  individual  sub-sections  were 
adequately  covered  in  Monthly  Progress  Report  #2  and  so  repre¬ 
sents  the  design  criteria  for  the  entire  coupler. 
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Power  Requirements  -  The  power  requirements  shall  be  of  the 
following  type : 

AC  Power: 

Operating  Limits:  102  to  124  volts 

Frequency  Limits:  380  to  420  cps 

Max.  operating  VA:  100  VA 

Max.  Warmup  Time:  2  minutes 

DC  Power: 

Operating  Limits:  28  Volts  +  10% 

Max.  operating  power:  14  Watts 

Size  -  The  size  of  the  IVV,  Augmented  GS  and  Flare  Coupler  shall 
be  no  greater  than  a  3/4  short  ATR  Case,  with  provisions  for 
potentiometer  adjustments  and  test  points. 

Weight  -  The  weight  of  the  coupler  shall  not  exceed  16  pounds. 
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5.  CONCLUSIONS  OF  STUDY  PROGRAM 


Each  of  the  six  proposed  panel  layouts  provides  the  displays  necessary 
to  meet  the  requirements  for  the  All-Weather  Landing  Program.  The  salient 
features  associated  with  each  configuration  were  previously  outlined  and  these 
factors,  coupled  with  economic  considerations,  modification  time,  etc.  ,  con¬ 
stitute  the  basis  for  which  our  recommendations  are  made. 

It  is  our  opinion  that  the  choice  of  panel  configurations  can  be  narrowed 
down  to  three  configurations,  namely  Configuration  #1  (Figure  1),  Configuration 
#3  (Figure  3),  and  Configuration  #5  (Figure  5),  since  these  constitute  the  major 
differences  in  panel  layouts.  The  Vertical  Scale  presentation  of  Air  Speed-Angle 
of  Attack  for  the  above  three  configurations  is  considered  a  secondary  improve¬ 
ment  in  the  instrument  panel. 


After  careful  consideration  of  all  factors  associated  with  each  instrument 
panel  outlined  in  this  report,  the  recommendations  shown  below  are  listed  in 
their  order  of  preference. 


First  Preference 
Second  Preference 
Third  Preference 


Configuration  #1,  Figure  1 
Configuration  #5,  Figure  5 
Configuration  #3,  Figure  3 


It  must  be  emphasized  that  the  above  choice  was  an  extremely  difficult 
one  to  make  since  the  panel  layout  shown  in  Figure  3  provides  for  more  growth 
potential  in  the  area  of  a  let  down  mode  of  operation,  (if  flight  path  angle  is 
displayed  on  the  Attitude  Director  Indicator)  . 


However,  the  let  down  mode  of  operation  was  de-emphasized  for  use 
with  the  DC-7  All-Weather  Landing  Program,  and  the  use  of  flight  path  angle  for 
Glide  Slope  monitoring  does  not  appear  to  be  practical  based  on  the  complexity 
required  to  add  ground  speed  correction  to  an  air  derived  flight  path  angle  as 
stated  in  Progress  Report  #2,  Page  25. 
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6.  PANEL  INSTALLATION  -  PASSENGER'  S  CABIN 


It  is  realized  that  the  detail  mounting  provisions  for  the  additional  set  of 
instruments  to  be  located  in  the  passenger1  s  cabin  has  not  been  provided.  The 
panel  configuration  will' be  identical  to  that  provided  for  the  pilot  with  the  ex¬ 
ception  of  the  C6-A  Gyroscope  Compass  Indicator(  required  for  compass  system 
integration)  ,  if  Figure  3  is  selected.  Naturally,  the  clock  is  not  required  for 
this  panel.  As  mentioned  in  Progress  Report  #2,  Page  1,  the  replacement  of 
a  set  of  seats  with  a  console  assembly  appears  to  be  the  most  convenient  method 
for  providing  the  additional  panel. 

The  co-pilot,  in  addition  to  selecting  the  various  mode  of  operation  and 
inputs  to  his  flight  director,  will  also  supply  the  same  information  to  the  flight 
director  computer  provided  in  the  passenger' s  cabin.  In  addition,  the  input 
signals  for  the  automatic  system  (  runway  heading,  radio  selection,  etc.), 
should  be  provided  by  the  co-pilot  from  his  instrument  panel  to  allow  for  maxi¬ 
mum  redundancy  between  the  pilot'  s  display  and  the  remainder  of  the  system. 
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7. 


HEADS  UP  DISPLAY 


It  is  our  opinion  that  it  is  not  possible,  at  this  date,  to  specify  a  parti¬ 
cular  type  of  "Heads  Up"  display  for  use  in  the  All-Weather  Landing  Program. 

At  present,  there  are  two  promising  systems  undergoing  flight  test  evaluation. 
Sperry  Gyroscope  and  Eclipse-Pioneer  have  a  heads  up  prototype  system  in¬ 
stalled  in  their  DC-3. 

The  information  content  displayed  is  basically  the  same  with  the  ex¬ 
ception  of  the  runway  symbol.  Sperry  computes  the  runway  symbol  whereas 
Eclipse-Pioneer  has  developed  a  system  known  as  "microvision",  to  establish 
the  runway  location.  Microvision  makes  use  of  microwave  beams  positioned 
along  the  runway  to  establish  the  position  of  the  landing  area.  As  such,  a  true 
ground  referenced  presentation  of  the  runway,  rather  than  a  computer  symbol, 
is  available  to  the  pilot. 

The  symbols  presented,  (heading,  attitude,  airspeed,  projected  flight 
path,  etc.  ),  are  generated  in  basically  the  same  manner  by  both  companies. 

In  addition  to  flight  test  evaluation,  Eclipse-Pioneer  is  conducting  a 
simulator  study  to  evaluate  the  optimum  display  content  for  a  "Heads-Up" 
system. 

It  is  felt  that  the  results  of  a  simulator  study,  .  t'  .>  ■.  -■ 

coupled  with  flight  test  evaluation,  will  provide  the  requirements  for  a  heads-up 
display  installation  at  a  later  date. 

There  are  various  problems  associated  with  the  optical  system  which,  to 
date,  have  not  been  completely  solved.  Collimated  line-of-vision  gunsight  dis¬ 
plays  have  been  known  for  many  years.  Optics  for  this  purpose  are  relatively 
simple  to  produce.  The  target  symbol  covers  a  relatively  small  angle  of  view, 
and  since  the  pilot  can  concentrate  his  vision  on  this  one  display,  relatively 
small  head  motion  limits  are  permissible.  Such  systems,  however,  appear  to 
be  inadequate  for  the  needs  of  a  heads  up  display  system. 

The  angle  of  view  required  for  a  heads  up  display,  which  would  be  com¬ 
patible  with  the  real  world,  is  in  the  order  of  40°  of  lateral  coverage  and  25°  of 
longitudinal  coverage. 

While  a  few  solutions  to  this  problem  exist,  the  most  practical  appears  to 
be  what  is  known  as  the  Mossaic  principle.  The  display  to  be  projected  is  multi¬ 
plexed  into  a  corresponding  number  of  images,  14,  .  being  conceived 

as  the  same  picture  element,  multiplexed  into  four  different  systems.  If  proper 
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alignment  is  achieved,  an  eye  placed  anywhere  in  the  field  will  get  the  lame 
impression.  Since  there  are  no  restrictions  as  to  the  number  of  such  systems 
which  can  be  stacked  horizontally  and  vertically,  there  is  no  theoretical  limit 
to  the  size  of  exit  pupil  that  can  be  achieved.  Spherical  aberration  is  now  no 
problem,  since  it  can  get  no  larger  than  that  of  a  single  element. 

The  multiplexing  can  be  accomplished  electronically  or  optically.  It 
can  be  accomplished  by  fiber  optics,  this  is  an  area  which  must  be  investigated. 

It  is  thus  seen  that  the  usefulness  of  a  heads  up  display  depends  on  over¬ 
coming  the  wide  angle  coverage  problems  associated  with  the  optical  system  and 
until  this  is  done,  the  irnplementa*  jn  and  generation  of  the  symbols  to  be  dis¬ 
played  will  provide  for  a  very  limited  type  heads  up  display. 

However,  the  rate  at  which  investigation  and  development  is  progressing 
in  this  area  certainly  indicates  the  feasibility  of  a  heads  up  display  installation 
in  the  near  future. 

In  summary,  it  is  not  possible  to  suggest  a  specific  type  of  hardware  at 
this  time  which  will  satisfy  the  requirements  of  a  heads  up  display  but  it  must  be 
emphasized  that  solutions  to  the  various  problems  are  foreseen  in  the  near  future. 
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